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Most research on aggression and delinquency concentrates on risk factors. There
has been less attention for protective factors and mechanisms, in particular with
regard to biosocial influences. Based on theories of autonomous arousal and stress
reactance the present study addresses the influence of adrenocortical activity as a risk
and/or protective factor in the development of antisocial behavior in children. We also
investigated relations to anxiousness and family stressors. In a prospective longitudinal
study of 150 German boys, the first measurement took place at preschool age and
contained an assessment of cortisol after waking up and 30min later. Aggressiveness
and anxiousness of the children were assessed by the kindergarten teachers with
the Social Behavior Questionnaire. After 6 years, the children’s behavior was rated by
the teachers in middle school. Variable-oriented data analyses revealed a significant
correlation between the total amount of cortisol after waking up and 30min later (AUCG)
and anxiousness both cross-sectionally and longitudinally, but not with aggressiveness.
A family stress index correlated positively with aggressiveness but neither with cortisol
nor with anxiousness. There were significant correlations between aggressiveness and
anxiousness at kindergarten age and the respective behavior problems 6 years later. In
a linear regression analysis on aggression only family stress had a significant effect but
anxiousness not. Moderator analyses on aggressiveness with anxiousness and AUCG or
on AUCG with anxiousness and aggressiveness did not show any significant interactions.
Longitudinally, only aggression significantly predicted aggression 6 years later in a linear
regression. In addition to variable-oriented analyses, we also applied a person-oriented
approach to investigate specific patterns of behavior. Children who were high in both
aggressiveness and anxiousness had the highest cortisol level and those with low
anxiousness and high aggressiveness the lowest. The groups with different patterns of
externalizing and internalizing problems at preschool age showed significant differences
in aggression 6 years later. Our results underline the need for complex pattern analyses
on cortisol, aggression, and anxiousness in children and for a differentiated consideration
of emotional reactive aggression and unemotional instrumental aggression.
Keywords: adrenocortical activity, aggressive behavior, anxiousness, family stress, protective factors,
pattern analysis
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INTRODUCTION
Over the last decades, there is clear progress in biosocial
perspectives on the risk factors and origins of antisocial behavior
(for an overview see Raine, 2013). The research on potential
biological influences on aggression and delinquency ranges from
behavior genetics, genetic interactions with social experiences to
nutrition (Omega-3), hormonal factors and functional processes
in the brain. An impaired connectivity between the amygdala
and the dorsolateral prefrontal cortex seems to be particularly
relevant for an adequate stress response and self-control in
behavior (Glenn and Raine, 2008). In spite of the clear progress
in biosocial research on aggression and crime, we must be
aware that several studies contain small samples, cross-sectional
data, extreme groups (e.g., psychopaths), and partially divergent
results. As in other fields of research on antisocial behavior, more
replicated and differentiated research is needed (Lösel, 2018;
Farrington et al., 2019).
Theoretical Background
An important field of research on biological risks for aggression
and crime relates to the hypothalamic-pituitary-adrenal (HPA)
axis that is a key system in the reaction to challenging and
stressful situations. The steroid cortisol mobilizes physical
resources under stress, potentiates fear and sensitizes for
punishment (Van Goozen, 2005; Susman, 2006; Raine, 2013).
Various theories aim to explain a relation between low
adrenocortical activity and antisocial behavior. For example,
low cortisol activity can go along with autonomous under-
arousal (e.g., Eysenck, 1977) and a need for stimulation
(e.g., Zuckerman, 1979; Van Goozen et al., 2007). This may
lead to reduced harm-avoidance and reward dependence,
enhanced fearlessness of adult psychopaths and callous-
unemotional traits in youngsters (Hare, 1998; Raine, 2013;
Frick et al., 2014). Whereas, these hypotheses primarily
focus on biological dispositions, other approaches explain
low cortisol reactions as a downregulation due to childhood
adversity and stress (e.g., Bunea et al., 2017) or enhanced life
strain (e.g., Agnew, 2014).
The theoretical bases of a relation between low HPA axis
activity and antisocial behavior are similar to the research on
low resting heart rate (RHR). Here, meta-analyses revealed
significant relations of low RHR to antisocial behavior in both
cross-sectional and longitudinal designs and for various forms
of aggressive and delinquent behavior (Ortiz and Raine, 2004;
Portnoy and Farrington, 2015). In the review of Portnoy and
Farrington (2015) the mean effect of 114 studies on RHR and
antisocial behavior was small (d = −0.20), but more robust than
that on the relation between cortisol parameters and antisocial
behavior. Here, a meta-analysis of Alink et al. (2008) on cortisol
reactivity and externalizing behavior problems in children and
adolescents found no significant mean effect (27 studies; r =
−0.04) and a very small effect in studies on basal cortisol
(72 studies; r = −0.05). In adolescent samples there was no
significant relation. The mean effect in this meta-analysis on the
relation between adrenocortical activity and antisocial behavior
point to rather heterogeneous findings in sound studies. Some
found the expected relation, and others not (e.g., Van Goozen
et al., 2000; Snoek et al., 2004; Blair et al., 2005). Such differences
in results may have been due to different samples, measurements,
kind and intensity of behavioral problems. But the heterogeneity
in findings seems not to be reduced since the meta-analysis of
Alink et al. (2008). For example, Dietrich et al. (2013) found
no significant relation between cortisol activity and antisocial
behavior and Pascual-Sagastizabel et al. (2019) confirmed it only
for boys but not for girls. Barrios et al. (2017) observed a small
positive correlation between cortisol reactivity and externalizing
child behavior problems at preschool age. These and other
studies suggest more conceptual and empirical differentiation
with regard to the relation between cortisol level and aggression.
For example, lower cortisol levels seem to be particularly
relevant in early onset, relatively persistently aggressive, and
callous-unemotional youngsters (McBurnett et al., 2000; Loney
et al., 2006; Stadler et al., 2011; Von Polier et al., 2013).
This suggests that low cortisol stress reactivity relates more
to instrumental aggression that goes along with emotional
deficits (Blair, 2010).
The Role of Protective Factors
Mainly small and partially inconsistent relations between
biological variables and antisocial behavior are insofar plausible
as numerous designs, measurements, sampling, and conceptual
issues play a role. However, it is also relevant that the majority
of research addresses biological factors only as risk factors and
not as potential protective factors that can moderate the influence
of risks and buffer against undesirable behavioral outcome.
For example, Farrington (2020) showed that high RHR had a
protective function in the prediction of conviction and antisocial
personality characteristics when the individuals had experienced
childhood risk factors. In comparison to risk oriented research,
the investigation of protective factors and mechanisms of
antisocial behavior is less developed (Lösel and Farrington, 2012).
This is partially due to methodological issues because protective
factors are not simply the “other side of the coin,” i.e., the opposite
pole of a risk factor. The detection of buffering protective effects
requires analyses of non-linear relationships, interaction effects
or patterns of behavior in person-oriented analyses (Masten,
2013; Lösel and Bender, 2017).
In following these considerations, one should also take into
account that a high cortisol level may function as a protective
factor against antisocial development. On the personality trait
level, this view is in line with findings on anxious and shy
children who have enhanced levels of adrenocortical activity
(Kagan, 1994, 2002; Dietrich et al., 2013). Anxiousness may
reduce interest in adventures like criminal behavior and
high anxiousness seems to protect against an early onset of
delinquency (Tremblay et al., 1994; Farrington et al., 2016).
However, in adolescence anxiousness may even become a risk
factor for late onset or aggravation of offending (Loeber et al.,
2008; Zara and Farrington, 2009). Some research suggests that
an increase of cortisol in late childhood relates to an increase
in aggressive behavior, but estradiol may have a buffering effect
(Azurmendi et al., 2016).
Frontiers in Psychology | www.frontiersin.org 2 April 2021 | Volume 12 | Article 636501
Bender and Lösel Adrenocortical Activity and Aggressive Behavior
Complex Patterns of Influence
Obviously, the relation between adrenocortical activity and
antisocial behavior is more complex than bivariate correlation
coefficients can indicate. Dabbs et al. (1991) suggested that not
the cortisol level alone but its interaction with testosterone is
more relevant. This led to the dual-hormone hypothesis in the
study of social aggression (e.g., Montoya et al., 2012). However,
a recent meta-analysis showed only marginal support for the
dual-hormone hypothesis for risk taking, aggression, dominance,
and psychopathy (Dekkers et al., 2019). Other physiological
factors have also been investigated as potential moderators
(e.g., neuropeptides; Vaeroy et al., 2019). Psychological factors
may also play a role in the relation between cortisol and
aggression. For example, Pascual-Sagastizabel et al. (2019) found
an interaction between cortisol level and empathy. However,
empathy is a multidimensional construct whose relevance for
antisocial behavior depends on various psychological and social
conditions (e.g., Lösel, 2020). As in other fields of biological
research on aggression and delinquency interactions with social
factors are also important (e.g., Rutter et al., 2006). For example,
Michels et al. (2012b) found a correlation between enhanced
cortisol reaction and experience of family stressors in children.
Jaffee et al. (2015) reported an interactive effect of exposure
to stressful family experiences and children’s cortisol in middle
childhood. Barrios et al. (2017) showed that parental hostility
was associated with externalizing child behavior symptoms at
age three, and a combination with cortisol reactivity had a small
relation to increased behavior problems 3 years later. Saxbe
et al. (2012) found similar results in a cross-sectional study
of adolescents.
Beyond the research on cortisol, studies have shown that high
family stress, inappropriate parenting, economic deprivation,
and other risk factors significantly predicted antisocial child
behavior (for an overview see Lösel and Bender, 2006). Although
causal directions are not yet clear, hormonal reactions to early
life stress may play a mediating role in the development of
child aggression (Winiarski et al., 2018). Similarly, outcomes
of an intervention in childhood were related to the cortisol
response in families at risk (O’Neal et al., 2010). Meta-analytic
findings on older individuals reported a mean correlation
between the experience of stressors and enhanced cortisol
reaction, but there was much variance between studies (see
Chida and Steptoe, 2009). Some research has shown that
poverty, as an indicator of stressful life circumstances, was
related to basal cortisol levels, but the relationship vanished
in older children (Lupien et al., 2001) or was curvilinear in
adolescence (Marsman et al., 2012).
The assumption of complex patterns in the relation between
cortisol and aggression is in accordance with basic concepts of
protective factors and resilience. Depending on other factors,
a variable may have a protective function against a specific
undesirable behavioral outcome, but may even be a risk for
another (Bender and Lösel, 1997; Lösel and Farrington, 2012;
Lösel and Bender, 2017). Accordingly, research on protective
mechanisms should not only study protective factors in isolation,
but consider broader developmental influences (Masten, 2011).
What may protect against externalizing problems could even
enhance the risk of internalizing problems (Lösel and Bender,
2003). The strength-oriented (salutogenetic) perspective of
protective factors should be integrated with the deficit-oriented
(pathogenetic) perspective to increase the amount of explained
outcome variance (Bender and Lösel, 1998).
Aims and Hypotheses of the Present Study
The present study mainly bases on the theoretical concept of
arousal and related findings of cortisol and personality research.
Within this framework, we investigate the risk and/or protective
role of morning adrenocortical activity for aggressive behavior
in a prospective longitudinal design that followed boys from
preschool to middle school age. The cortisol awakening response
(CAR) contains a quick hormonal increase in the morning
after the circadian decrease during night. The cortisol-increase
shortly after waking up may indicate an activation of memory,
orientation to time and space, and other cognitive orientations
for the upcoming day that is due to biological dispositions and
stress experiences. It seems to be a particularly reliable indicator
of a habitual hormonal reaction in these processes (Clow et al.,
2004; Fries et al., 2009; Michels et al., 2012a).
Our review of literature revealed that the results on the
relationship between cortisol and anti-social behavior of children
are complex and only partially consistent. Due to the mainly
cross-sectional study designs and the influence of third variables,
we do not yet propose a definite causal model but aim to
contribute to it with our study. According to the arousal
hypothesis (e.g., Eysenck, 1977), an enhanced cortisol level
should correlate negatively with aggression although previous
findings are inconsistent (e.g., Alink et al., 2008). Research also
suggests that anxious individuals have an enhanced cortisol level
(Kagan, 2002). On the other hand, there is some comorbidity
between anxiety and aggression (Angold et al., 1999). Therefore,
it can be assumed that anxiousness might play a role in the
relation of cortisol and aggressive behavior. A third construct that
seems to be relevant for a differentiated model of the aggression-
cortisol relation is stress in the family. On the one hand, family
stressors may enhance the cortisol level (e.g., Michels et al.,
2012b), and on the other hand, research has shown that family
stress positively correlates with antisocial child behavior (Lösel
and Bender, 2003). Here both risk and protective processes seem
to be relevant.
To investigate the more complex relations of the mentioned
constructs we will carry out not only variable-oriented
moderator analyses, but also person-oriented behavior pattern
analyses. The person-oriented approach has been advocated by
Magnusson and Allen (1983) and gained attention in research
on personality development and psychopathology (e.g., Bergman
and Magnusson, 1997; Bergman and Lundh, 2015). It should
not be seen as an alternative to variable-oriented analyses but
as a complement that sometimes can show group differences
that may also be practically useful as, for example, ICD and
DSM still adhere to taxonomic instead of dimensional diagnostic
categories. Behavior pattern analyses focus on prototypical
groups and not on single clinical cases. In previous studies on
developmental psychopathology, we have successfully applied
the person-oriented strategy as a meaningful complement to
our variable-oriented research (e.g., Lösel and Stemmler, 2012b;
Stemmler and Lösel, 2012).
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In summary, the following hypotheses can be derived within
the above theoretical, empirical, and methodological framework:
(a) As previous findings are mixed, we assume a relation
between the children’s morning adrenocortical activity and
aggressiveness but the direction is yet unclear. (b) Due to
relatively consistent findings, we expect a positive correlation
between the children’s cortisol level in the morning and
their anxious withdrawn behavior. (c) According to previous
research there should be a negative relation between the
children’s experience of family stress and both their cortisol
level and the behavioral outcomes of aggressiveness and
anxiousness. (d) We expect more complex relations between
cortisol level and children’s aggressive and anxious behavior,
for example buffering (protective) effects of a high cortisol,




Our data stem from the Erlangen-Nuremberg Prevention and
Development Study (ENDPS; Lösel et al., 2013). This is a
combined prospective longitudinal and experimental project that
started at preschool age with children from 609 families in
the area of Erlangen and Nuremberg in Germany (Lösel and
Stemmler, 2012a). In the present study, we concentrated on
boys only because we aimed for comparable biological data with
regard to gender. Some studies had shown that cortisol profile
in young male and female children are somewhat different (e.g.,
Freitag et al., 2009). And as in other studies (e.g., Moffitt et al.,
2001; Moretti and Odgers, 2002; Lösel and Stemmler, 2012a),
girls exhibited very low levels of physical aggressive behavior so
that the base rate in the girls’ group at preschool age was too
low for a meaningful analysis. The boys were 4–6 years old at
the first time of measurement (Time 1 = T1). Their mean age
at T1 was M = 4.99 (SD = 0.54) years. At T1 the kindergarten
or preschool teachers assessed the children’s aggressiveness and
anxiousness (see below). At this time, we also gathered data on
children’s cortisol level as well as on family stressors and ended up
with a sample of N = 150 boys for whom we had complete data
in all study variables at T1. In addition, we could include ratings
on the children’s behavior from schoolteachers about 6 years later
(Time 2 = T2). Overall, we had complete data sets from n = 121
boys at both measurement times. At T2 the boys mean age wasM
= 10.95 (SD= 0.57).
Dropout in longitudinal studies is more or less normal.
In our study, less than a quarter of families dropped out
from T1 to T2, however, the rate for incomplete data sets
was larger. There were various reasons for the reduction in
sample size: Some families could not be reached at T2 for
mobility reasons, others decided not to participate again in the
study, some families only refused to participate in biological
measurements, and some did not complete the family-related
questions at T1. In addition to these family-related reasons, there
was a sample reduction due to kindergarten educators/preschool
teachers at T1 and school teachers at T2 who did not provide
complete data on the children’s social behavior. As the sample
size was moderate and the sources for missing data varied,
we decided against a statistical imputation of missing cases
(e.g., Kleinke et al., 2011) and worked with the most valid
complete data sets.
Procedure
All measurements at T1 and T2 were only conducted with
children for whom we had prior written informed consent from
the parents. Families could have withdrawn their consent at
any time.1
The following measurements and instruments were used in
the present study.
Adrenocortical Activity
According to standards in endocrinological research we applied
a frequently used method to assess boys’ adrenocortical activity
in the morning when cortisol level is normally highest. Cortisol
levels can easily be determined in the saliva and we used
medically approved hygienic cotton rolls from Sarstedt, Germany
(www.sarstedt.com), to collect saliva samples at Time 1. We
applied a standard procedure for assessment of the endogenous
cortisol stimulation (e.g., Kirschbaum and Hellhammer, 1989).
The first sample was taken immediately after waking up
(morning/awakening cortisol; CAW) and the second one about
30min later (CINC). The respective difference between both
measurements indicates the morning peak of the endogenous
reaction (Fries et al., 2009). Although repeated measurements
across the day or even over several days would have been
ideal, this was not possible because our study contained a large
set of social and psychological assessments in which biological
variables were only a small part. Therefore, we concentrated
on the boys’ cortisol awakening response collected by the two
measurements on the day of our family visit which is shown to
be an often used and reliable index of adrenocortical reactivity
(see Pruessner et al., 1997; Schmidt-Reinwald et al., 1999). Both
assessments of the child were conducted by the parents who
got a detailed instruction on how to apply the cotton rolls. The
locked plastic tubes with the dampened cotton rolls were then
put in their fridge and later collected by our research team
for freezing in our institute. The cotton rolls with the saliva
samples were analyzed anonymously in the neurophysiological
laboratory of Hellhammer and Kirschbaum at the University of
Trier in Germany.
For the analysis of boys’ cortisol data, we computed the
area under the curve with respect to the ground (AUCG).
This is a frequently used method for repeated measurements
in endocrinological research to assess the overall secretion of
hormones over a specific time period and to estimate individual
circadian changes. The AUCG for the two measurements was
calculated applying the formula suggested by Pruessner et al.
(2003). Figure 1 visualizes this method with regard to our
two measurements.
1The instruments and procedures of our project were approved by the German
Federal Ministry of Family Affairs and the Friedrich-Alexander-Universität
Erlangen-Nürnberg.
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FIGURE 1 | Visualization of the area under the curve with respect to the
ground (AUCG) according to Pruessner et al. (2003, p. 918). AUCG = Area
under the curve with respect to the ground is represented by the shaded area
in the rectangle and the triangle together.
The resulting mean AUCG score was M = 7.27 (SD = 2.70),
whereby a higher score indicates an enhanced cortisol amount in
the morning including the increase at the second measurement.
Children’s Aggressive Behavior
At Time 1 the children’s behavior problems in kindergarten were
assessed by our German adaptation of the preschool version of
the Social Behavior Questionnaire (SBQ) from Tremblay et al.
(1987; see also Tremblay et al., 1992) that had shown good
reliability (Lösel et al., 2006). The preschool version (PSBQ)
as well as the school version (SBQ) is available for various
informants. At Time 1 the children’s social behavior was rated
by the kindergarten teachers. Each item was rated on a three-
point scale ranging from “0” = never/not true to “2” = almost
always/most of the time true. In the present study, we used the
subscale on “Physical Aggressiveness” (six items) that contains
items on child behaviors like fighting, hitting, kicking, biting
or bullying others or being cruel and mean. As this scale is
relatively short, we added three items from the PSBQ scale
on “Delinquency/Destruction” that indicate aggression against
objects. The internal consistency of this enlarged scale was α =
0.87 (for descriptive statistics see Table 1).
To investigate potentially long-lasting consequences of the
early behavior problems and the adrenocortical activity we
assessed aggressiveness and anxiousness 6 years later (Time 2).
Now the teacher version of the Social Behavior Questionnaire
was used to assess the social behavior of children at school. The
items are identical to the preschool version and schoolteachers
rated the behavior of the child in the same three-point format
as mentioned above. We again used the scale on “Physical
Aggressiveness” plus the three items on destroying objects of
the scale “Delinquency/Destruction.” The internal consistency
was Cronbach’s α = 0.89. It is important to mention that
the schoolteachers did not know the results of the children’s
assessment at preschool age so that there was methodological
blindness in this respect.
Children’s Anxiousness
To measure the boys’ anxiousness the scale on “Emotional
Problems/Anxiousness” of the SBQ was used. It contains eight
items (e.g., the child seems to be anxious, unhappy, sad, worried
or tense). These symptoms were also rated on a three-point scale
(from “0” = never/not true to “2” = almost always/most of the
time true). At Time 1 the preschool version for kindergarten
teachers and at Time 2 the teacher version for schoolteachers was
applied. The internal consistency of the scale was α = 0.76 at T1
and α = 0.82 at T2.
Family Environment
We assessed the stress level of the children’s families at Time
1 by an index that contained various objective variables. The
basis was a standardized measure of socioeconomic status (SES;
Geissler, 1994) which included weighted information on the
parents’ income, education, profession, and housing conditions.
Although low SES is a well-replicated marker of accumulated
family stress and health problems (e.g., Reiss et al., 2014), we
added two objective psychological stressors of the family, namely
having experienced parental divorce/separation and death of
a close relative at Time 1 or close before. The resulting sum
score of SES and the two dichotomized inverted family items





The means, standard deviations, and correlations for study
variables at the two measurement times are shown in Table 1.
Similar to the mixed results in the literature, aggressiveness
at Time 1 did not correlate significantly with the cortisol
AUCGwhich also did not show predictive value for aggressiveness
at Time 2. But as expected, at preschool age (Time 1) boys with
higher anxiousness showed significantly higher cortisol AUCG
levels. Higher cortisol AUCG also significantly predicted higher
anxiousness in boys 6 years later (Time 2). There was also no
significant correlation between enhanced cortisol AUCG and the
family stress at Time 1. When family stress was statistically
controlled, the relation between cortisol and aggressiveness was
nearly the same (r=−0.01, ns). FollowingMarsman et al. (2012),
we also tested a potential curvilinear relation, but already an
inspection of the scatter plot showed that this was not the case
(neither for the stress index nor for SES alone).
As expected, boys’ aggressiveness correlated significantly
negative with our family stress indicator at Time 1. This showed
that higher SES and less stressful life events were related to
lower levels of aggressiveness, whereas anxiousness did not have a
significant relation to it. The family stress index did not correlate
with boys’ behavior problems at Time 2 neither. Aggression at
preschool age showed a significant correlation with anxiousness
and significantly predicted aggression 6 years later. This was
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TABLE 1 | Descriptive statistics and correlations for study variables.
N M SD 1 2 3 4 5 6
1. Cortisol (AUCG) T1 150 7.27 2.70 – 0.03 0.28*** −0.06 0.07 0.23*
2. Child aggressiveness T1 150 3.24 2.98 – 0.17* −0.25** 0.37*** −0.03
3. Child anxiousness T1 150 2.63 2.64 – −0.08 −0.05 0.20*
4. Family Stress T1 149 3.41 0.89 – 0.01 0.01
5. Child aggressiveness T2 121 1.36 2.58 – 0.15
6. Child anxiousness T2 121 2.46 2.71 –
AUCG, Area under the curve with respect to the ground; T1, Time 1; T2, Time 2.
*p < 0.05. **p < 0.01. ***p < 0.001.
the highest correlation coefficient in Table 1. Boys’ anxiousness
at Time 1 significantly predicted anxiousness at Time 2, but
less strongly.
Linear Regression Analyses
In a first step we included the variables in a cross-sectional
regression analysis on aggressiveness at T1. The model was
significant and explained eight percent of variance [R = 0.28,
F(3,145) = 4.21, p < 0.01]. Only family stress showed a significant
contribution (b=−0.81, se= 0.27, t=−3.06, p< 0.01), whereas
anxiousness (b= 0.15, se= 0.09, t= 1.60, p> 0.05) and AUCG (b
=−0.04, se= 0.09, t =−0.49, p > 0.05) did not. Longitudinally,
the regression on aggressiveness at T2 with the four variables
of T1 was also highly significant [R = 0.39, F(4,116) = 5.34, p =
0.001], 16% of variance were explained but only aggression at T1
was a significant predictor (b = 0.35, se = 0.08, t = 4.49, p <
0.001). Anxiousness (b = −0.09, se = 0.09, t = −0.09, p > 0.05),
family stress (b = 0.22, se = 0.26, t = 0.85, p > 0.05) and AUCG
(b= 0.10, se = 0.08, t = 1.16, p > 0.05) did not contribute to the
explanation of variance.
Moderator Analyses
To test for more complex relations between the variables we
carried out moderator analyses applying the PROCESS macro
(version 3.5.3) by Hayes (2018). In the first analysis we included
aggression as the dependent variable and the mean centered
variables anxiousness and AUCG of T1. This model was not
significant [R = 0.19, R2 = 0.04, F(3,146) = 1.89, p > 0.05]. None
of the variables showed a significant contribution (anxiousness:
b = 0.15, se = 0.10, t = 1.16, p > 0.05; AUCG: b = −0.03, se =
0.09, t = 1.23, p > 0.05; interaction term: b = 0.03, se = 0.03,
t = 1.23, p > 0.05).
We also carried out a moderator analysis with AUCG as the
dependent variable and the mean centered variables anxiousness
and aggression. The total effect of the model was highly
significant [R2 = 0.09; F(3,146) = 4.77, p < 0.001]. Anxiousness
showed a significant contribution in the explanation of variance
(b = 0.27, se = 0.08, t = 3.19, p < 0.01) whereas aggression
not (b = −0.03, se = 0.07, t = −0.34, p > 0.05). The
moderation between anxiousness and aggression did not reach
significance [R2-change = 0.01, F(1,146) = 1.45, p > 0.05]
but the interaction term in itself correlated significantly with
the cortisol level (r = 0.16, p < 0.05). A closer look at the
moderator effect and its visualization showed that only for
aggression values above the 50th percentile there was a significant
correlation between anxiousness and AUCG which indicated
that children with both high aggressiveness and anxiousness
scores had the highest cortisol levels and vice versa. But as
the interaction term was in total not significant this could
only be interpreted as a trend of a possible relation between
the three variables.
We also found a negative correlation of a three-factor
interaction of (high) AUCG, (low) family stress and (high)
anxiousness with aggressiveness at T1 (r = −0.21, p < 0.01).
However, since the total model was not significant and three-
way interactions are often not replicated and difficult to interpret
(Cohen et al., 2003; Dawson and Richter, 2006), we will not
further discuss this finding.
The results of our variable-oriented analyses suggested
more complex relations between the variables and indicated
differentiated patterns of aggressive and anxious behavior in
children. As sometimes in regression models, a strong effect of
one variable may suppress a smaller but theoretically relevant
other effect, we also conducted person-oriented analyses of
prototypical patterns of behavior.
Person-Oriented Analyses
For our person-oriented analyses we split the aggression and
anxiety scales at Time 1 as close as possible at the respective
medians and formed groups combining those above (+) and/or
below (–) the median. The combination of the groups resulted in
the following pattern: AG–AN– (n = 40), AG–AN+ (n = 35),
AG+AN– (n= 35), and AG+AN+ (n= 40).
We compared the four groups in univariate ANOVAs. The
means, standard deviations and F-values of study variables are
presented in Table 2.
The results of the first two ANOVAs with boys’ aggressiveness
and anxiousness at Time 1 were expectable and only a validation
of the group composition. There was a highly significant effect
in aggressiveness with significant differences between the groups
with aggressiveness scores above the median and the two groups
with aggressiveness scores below it, namely between AG+AN+
and AG–AN– (mean difference Mdiff = 5.00, SEM = 0.40, p <
0.001), between AG+AN+ and AG–AN+ (Mdiff = 4.80, SEM =
0.42, p < 0.001), between AG+AN– and AG–AN– (Mdiff = 4.54,
SEM = 0.42, p < 0.001), and between AG+AN– and AG–AN+
(Mdiff = 4.34, SEM = 0.43, p < 0.001).
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TABLE 2 | Means (M) and standard deviations (SD) of the four groups in study variables.
AG–AN–a AG–AN+b AG+AN+a AG+AN–b
M SD M SD M SD M SD F df
Aggressiveness T1 0.80 0.91 1.00 1.00 5.80 2.32 4.34 2.49 82.72*** 3,146
Anxiousness T1 0.80 0.64 4.28 2.38 4.77 2.56 0.60 0.55 56.95*** 3,146
Cortisol (AUCG) T1 6.75 2.57 7.82 2.20 8.04 2.78 6.45 2.93 3.28* 3,145
Family Stress T1 3.59 0.79 3.59 0.83 3.10 0.97 3.36 0.86 2.73* 3,145
Aggressiveness T2 0.40 0.77 0.57 0.95 2.00 3.01 2.58 3.70 6.02** 3,117
Anxiousness T2 1.86 1.92 3.54 3.30 2.33 2.92 2.29 2.71 2.17+ 3,117
an = 40, bn = 35. AUCG, Area under the curve with respect to the ground; T1, Time 1; T2, Time 2; AG, Aggressiveness; AN, Anxiousness; –, Scores below the Median; +, Scores
above the Median.
+p < 0.10. *p < 0.05. **p < 0.01. ***p < 0.001.
The comparison of the groups in anxiousness was similarly
highly significant with significant differences between the groups
with anxiousness scores above the median and the groups with
scores below it, namely between AG–AN+ and AG–AN– (Mdiff
= 3.48, SEM = 0.41, p < 0.001), between AG–AN+ and
AG+AN– (Mdiff = 3.68, SEM = 0.43, p < 0.001), between
AG+AN+ and AG–AN– (Mdiff = 3.97, SEM = 0.40, p < 0.001),
and between AG+AN+ and AG+AN– (Mdiff = 4.17, SEM =
0.41, p < 0.001).
With respect to the other study variables, there was an
overall significant difference between the four groups in the
cortisol measure AUCG. The AG+AN+ group had the highest
mean and the AG+AN– the lowest (see Table 2). Between both
groups there was a nearly significant difference in the post hoc
comparison (Mdiff = 1.59, SEM = 0.61, p = 0.08). The analysis
of variance with the family stress index as the dependent variable
did not show an overall significant difference between the four
groups. But the two groups with aggressiveness scores above the
median (AG+AN+ and AG+AN–) had the lowest mean stress
score which means that they came by trend from families with a
similarly high stress level compared to the two other groups who
had less family adversities.
We also investigated whether the four groups formed at
preschool age had different behavioral outcomes 6 years later.
The results on teacher rated aggressiveness showed a clear
effect in the analysis of variance (see Table 2). The groups with
formerly high aggressiveness scores (AG+AN– and AG+AN+)
had similarly highmean scores after 6 years. In contrast, themean
aggressiveness scores in the AG–AN– and AG–AN+ groups
were much lower. The differential post-hoc contrasts showed
significant differences between the groups AG+AN– and AG–
AN– (Mdiff = 2.18, SEM = 0.60, p < 0.01), between AG+AN–
and AG–AN+ (Mdiff = 2.00, SEM = 0.63, p< 0.05), and a nearly
significant difference between AG+AN+ and AG–AN– (Mdiff =
1.60, SEM = 0.62, p < 0.10).
The analysis of variance with teacher rated anxiousness 6 years
later showed a weaker effect which was significant at p < 0.10
and accordingly there was no significant difference in the post-
hoc contrasts between the four groups. However, the group AG–
AN+ had the highest mean anxiousness score at Time 2, whereas
the three other groups were clearly below that.
DISCUSSION
The present study aimed to investigate the relations between
the amount of cortisol (after waking up and 30min later)
operationalized by the AUCG, aggressiveness, anxiousness and
family stress within a sample of boys from a larger, prospective
longitudinal study. It is a special strength of this study that
we could assess adrenocortical activity already at preschool age
and include a behavioral follow up of about 6 years. Such
prospective longitudinal data are rare in the research on cortisol
and children’s antisocial behavior.
Variable-Oriented Analyses
It was one of our hypotheses that a high morning cortisol
level correlates with enhanced anxiousness what may be a
protective mechanism against aggressive behavior of children.
This assumption derived from various theories on the role
of autonomous arousal in externalizing and internalizing
behavior problems. As expected, we found a significant positive
correlation between high adrenocortical activity and anxiousness
at preschool age. There was even a significant correlation
longitudinally. Anxiousness could be significantly predicted by
the amount of cortisol in the morning (AUCG) that had been
assessed 6 years before. This result fits to our hypothesis and
suggests that the measurements were sufficiently reliable and
valid. It is also in line with research that found enhanced
adrenocortical activity in anxious and shy children (Kagan, 2002;
Dietrich et al., 2013). As Loeber et al. (2008) and Farrington
et al. (2016) have shown this personality characteristic can
have a protective effect against the onset of antisocial behavior
in development.
As previous findings are mixed with regard to the relation
between aggression and cortisol, we expected a correlation but
did not specify the direction. From a risk perspective, a low
cortisol level may predict aggressive behavior. However, we did
not find neither a cross-sectional nor a prospective longitudinal
bivariate relationship between the amount of cortisol in the
morning (AUCG) and aggressiveness. These findings are insofar
in accordance with previous research as the relation between
low cortisol and aggressiveness seems to be less robust than the
relation between high cortisol reaction and anxiousness. Research
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has shown that the respective results are rather heterogenous
(e.g., Van Goozen et al., 2000; Snoek et al., 2004; Blair et al., 2005;
Alink et al., 2008; Dietrich et al., 2013; Pascual-Sagastizabel et al.,
2019). Our findings underline those views in the literature that
suggest no simple relation between aggression and cortisol, but
recommend more differentiated interaction or pattern analyses.
This is in accordance with the general research on protective
factors against antisocial behavior (e.g., Lösel and Farrington,
2012; Lösel and Bender, 2017).
In our study, the cortisol level in the morning (AUCG) did
not correlate significantly with the index of family stress. This
supports the assumption that the morning cortisol reaction may
indicate a more genuine biological characteristic than a reaction
to later stressors during the day (Pruessner et al., 1997). As
the cortisol level correlated with anxiousness, repeated social
influences in the family may also have played role. However, as
mentioned above, the results on the influence of family factors on
cortisol levels are also mixed (e.g., Lupien et al., 2001; Marsman
et al., 2012; Saxbe et al., 2012; Agnew, 2014; Bunea et al.,
2017). Probably, both genetic dispositions and repeated family
experiences are relevant for our findings. More replications on
the relation between cortisol and social contexts are necessary.
If replicated, our results would have theoretical relevance
for the broader topic of arousal and antisocial behavior. As
mentioned in the introduction, meta-analyses found a negative
correlation between resting heart rate (RHR) and antisocial
behavior (e.g. Portnoy and Farrington, 2015). Our and other
findings on the relation between high cortisol level and
anxiousness suggest that it is not only the antisocial group of the
respective samples that led to the negative correlation between
low RHR and antisocial behavior, but also the proportion of
the anxious/withdrawn individuals with high arousal and low
antisociality. We are currently working on this hypothesis in a
study on RHR and heart rate under stress.
Our multivariate variable-oriented analysis showed no
significant influence of family stress in relation to cortisol but
to aggressiveness at Time 1. This is in line with many studies
on the development of aggression in children (see Lösel and
Bender, 2006). Moderator analysis with regard to the cortisol
level at T1 did not find a significant interaction effect of
anxiousness with aggressiveness but a closer look at the nature
of the moderation indicated, in contrast to the bivariate arousal
hypothesis, that higher scores in aggressiveness were associated
with a higher cortisol level, but only in cases of simultaneously
enhanced anxiousness.
Person-Oriented Analyses
The findings of our variable-oriented moderator analyses
suggested interactions between cortisol, aggressiveness and
anxiousness. This became more obvious in our person-oriented
analysis: The group who was relatively high in both anxiousness
and aggressiveness had the highest amount of cortisol in the
morning (AUCG) and differed significantly from the group with
low anxiousness and high aggression that showed the lowest one.
This finding can be interpreted by concepts of different types of
aggressive behavior, i.e., reactive vs. proactive aggression (Vitaro
and Brendgen, 2012). Whereas the second type supports the
assumption of a callous-unemotional disposition for aggression
(e.g., Blair, 2010; Frick et al., 2014), the first one indicates a
more emotional aggressive propensity. Our finding demonstrates
the potential “double face” of the role of anxiousness in the
development of antisocial behavior. On the one hand, it may
protect against an antisocial pathway, on the other hand, it
indicates a comorbidity that may act as an additional risk factor,
e.g., when the youngsters get older (Loeber et al., 2008; Zara
and Farrington, 2009). At later age, extreme cases in both
subgroups may represent secondary vs. primary psychopathy
and different underlying neurobiological processes (Blackburn,
1998; Vidal et al., 2010; Sethi et al., 2018). Our pattern analyses
are insofar valid as the four groups at Time 1 also differed in
aggressiveness 6 years later. The groups with low anxiousness
and high aggressiveness and with both high anxiousness and
aggressiveness at Time 1 were more aggressive at Time 2.
Assessment of the Child Behavior
As mentioned above, the schoolteachers who rated the children’s
behavior had no knowledge about the assessments at preschool
age. Ratings of child behavior by different informants in
different contexts often show only small correlations (Lösel,
2002; Achenbach, 2006). Therefore, the significant variable- and
person-oriented relations in our study endorse the reliability
of the outcome data. In our variable-oriented analysis, the
assessment of the children’s aggressiveness at preschool age
correlated significantly with the ratings from the schoolteachers
6 years later. With r = 0.37 the correlation is similar to what
we found in a much larger sample (r = 0.35; Wallner et al.,
2018). The above correlations for anxiousness by the different
informants and in different contexts were also significant, but
lower. The development of child behavior is often flexible and
the distinction between an early starting life-course-persistent
vs. an adolescence-limited pathway (Moffitt, 1993) is only
one important differentiation in the context of others (e.g.,
Jennings and Reingle, 2012). However, externalizing problems
like aggressiveness are often more stable than internalizing
problems like anxiousness and seem to be a particularly
important marker of an enhanced risk for behavioral and social
problems in later life (e.g., Robins and Price, 1991; Bender and
Lösel, 2011).
LIMITATIONS
Although most of our findings are theoretically plausible, there
are various limitations. First, there are limits concerning the
cortisol measurement. In our broad gathering of social and
psychological data in the families, we could only carry out
two cortisol measurements. In addition, the application of the
cotton roles to collect saliva samples did not take place under
controlled laboratory conditions. Although we had given detailed
instructions to the parents, we cannot be sure whether everybody
followed these exactly. Hormone measurements are vulnerable
for errors and there could have been some unreliability in
our cortisol assessment. Repeated measurements in long-term
studies show significant, but moderate stability (Platje et al.,
2013). As we excluded extreme outliers and found significant
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relations between anxiousness and cortisol in both the cross-
sectional and longitudinal design, our assessments seemed to be
relatively reliable.
A second limitation concerns our sample. Compared to some
other studies on cortisol reaction in children our sample was not
small, but as not all parents participated in the biological part of
our study, we cannot determine how representative our final data
set is. In addition, the area of Erlangen-Nuremberg in Bavaria
has a relatively affluent population so that extreme poverty and
related stress may not be as prevalent as in some more deprived
urban areas in Germany. Perhaps this range restriction had an
influence on some of our effect sizes, e.g., for the correlations with
the family stress index.
A third limitation concerns the measurement of the children’s
behavior problems. We could not carry out a detailed clinical
assessment but had to rely on ratings from the kindergarten
teachers in early childhood and from the schoolteachers 6 years
later. We cannot be sure whether these ratings were always valid,
particularly with regard to the less visible internalizing problems
of anxiousness and withdrawal. Although a clinical assessment
would have been preferable, we can insofar trust our measures
as we applied the Social Behavior Questionnaire (SBQ; Tremblay
et al., 1992) that is a standardized reliable and frequently
used instrument. Our child behavior assessments showed also
significant correlations between Time 1 and Time 2, although the
SBQ data stem from different informants, in different contexts,
and with 6 years of time difference. As mentioned above,
under these conditions our significant longitudinal correlations
are satisfactory.
CONCLUSIONS
Overall, our study suggests that adrenocortical activity can play a
role in the risk for and protection against aggressive development
in children. However, it should not be studied and interpreted in
isolation, but requires analyses in the context of other personality
and social variables. Our study supports some theoretically
meaningful differentiations. In particular, potentially protective
or risk effects of adrenocortical activity seem to depend on the
personality factor of anxiousness that is partially associated with
the cortisol response. However, as in other fields of criminology
and developmental psychopathology we need more replications
(Lösel, 2018; Farrington et al., 2019).
More generally, our study on adrenocortical activity in
children endorses the view that the research on biological risk
and protective factors requires consideration of complex patterns
of biological, personality, and social influences. Our results
showed that single variables or constructs have a meaningful,
but rather moderate impact. It is important for both research
and practice to consider complex patterns and bring together
biological, psychological, and social perspectives. There is still
some controversy about the relevance of biological factors
in criminology (see Raine, 2013). Perhaps, our article can
contribute to a further reduction of such controversies that were
formerly virulent between leading scholars like Sheldon and
Eleanor Glueck vs. Edwin Sutherland. However, from a closer
historical look they already contained substantial concordance
(Laub and Sampson, 1991).
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Bunea, I. M., Szentágotai-Tătar, A., and Miu, A. C. (2017). Early-life adversity
and cortisol response to social stress: a meta-analysis. Transl. Psychiatry 7:1274.
doi: 10.1038/s41398-017-0032-3
Chida, Y., and Steptoe, A. (2009). Cortisol awakening response and psychological
factors: a systematic review and meta-analysis. Biol. Psychol. 80, 265–278.
doi: 10.1016/j.biopsycho.2008.10.004
Clow, A., Thorn, I., Evans, P., and Hucklebridge, F. (2004). The awakening
cortisol response: methodological issues and significance. Stress 7, 20–27.
doi: 10.1080/10253890410001667205
Cohen, J., Cohen, P., West, S. G., and Aiken, L. S. (2003). Applied Multiple
Regression/Correlation Analysis for the Behavioral Sciences. 3rd Edn. Mahwah,
NJ: Erlbaum.
Dabbs, J., Jurkovic, G. J., and Frady, R. L. (1991). Salivary testosterone and
cortisol among late adolescent offenders. J. Abn. Child Psychol. 19, 469–478.
doi: 10.1007/BF00919089
Dawson, J. F., and Richter, A. W. (2006). Probing three-way interactions in
moderated multiple regression: development and application of a slope
difference test. J. Appl. Psychol. 91, 917–926. doi: 10.1037/0021-9010.91.4.917
Dekkers, T. J., Agelink van Rentergem, J. A., Meijer, B., Popma, A., Wagemaker, E.,
and Huizenga, H. M. (2019). A meta-analytical evaluation of the dual-hormone
hypothesis: Does cortisol moderate the relationship between testosterone
and status, dominance, risk taking, aggression, and psychopathy? Neurosci.
Biobehav. Rev. 96 250–271. doi: 10.1016/j.neubiorev.2018.12.004
Dietrich, A., Ormel, J., Buitelaar, J. K., Verhulst, F. C., Hoekstra, P. J., andHartman,
C. A. (2013). Cortisol in the morning and dimensions of anxiety, depression,
and aggression in children from a general population and clinic-referred
cohort: an integrated analysis. The TRAILS study. Psychoneuroendocrinology
38, 1281–1298. doi: 10.1016/j.psyneuen.2012.11.013
Eysenck, H. J. (1977). Crime and Personality, 2nd Edn. London: Rotledge &
Kegan Paul.
Farrington, D. P. (2020). Interactions between resting heart rate and childhood
risk factors in predicting convictions and antisocial personality scores. Crime
Delinquency. 66, 1369–1391. doi: 10.1177/0011128720926108
Farrington, D. P., Lösel, F., Boruch, R. F., Gottfredson, D. C., Mazerolle,
L., Sherman, L. W., et al. (2019). Advancing knowledge about replication
in criminology. J. Exp. Criminol. 15, 373–396. doi: 10.1007/s11292-018-
9337-3
Farrington, D. P., Ttofi, M. M., and Piquero, A. (2016). Risk, promotive
and protective factors in delinquent development. J. Crim. Just. 45, 63–70.
doi: 10.1016/j.jcrimjus.2016.02.014
Freitag, C. M., Hänig, S., Palmason, H., Meyer, J., Wüst, S., and Seitz,. C.
(2009). Cortisol awakening response in healthy children and children
with ADHD: impact of comorbid disorders and psychosocial risk
factors. Psychoneuroendocrinology 34, 1019–1028. doi: 10.1016/j.psyneuen.
2009.01.018
Frick, P. J., Ray, J. V., Thornton, L. C., and Kahn, R. E. (2014). Can callous-
unemotional traits enhance the understanding, diagnosis, and treatment of
serious conduct problems in children and adolescents? A comprehensive
review. Psychol. Bull. 140, 1–57. doi: 10.1037/a0033076
Fries, E., Dettenborn, L., and Kirschbaum, C. (2009). The cortisol awakening
response (CAR): facts and future directions. Int. J. Psychophysiol. 72 67–73.
doi: 10.1016/j.ijpsycho.2008.03.014
Geissler, R. (1994). Social Strata and Life Opportunities in Germany.
Stuttgart: Enke.
Glenn, A. L., and Raine, A. (2008). The neurobiology of psychopathy. Psychiatr.
Clin. N Am. 31, 463–475. doi: 10.1016/j.psc.2008.03.004
Hare, R. D. (1998). “Psychopathy, affect and behavior,” in Psychopathy: Theory
Research and Implications for Society, eds D. J. Cooke, A. E. Forth, and R. D.
Hare (Dordrecht, NL: Kluwer), 105–137.
Hayes, A. F. (2018). Introduction to Mediation, Moderation, and Conditional
Process Analysis: A Regression-Based Approach, 2nd Edn. New York, NY:
Guilford Press.
Jaffee, S. R., McFarquhar, T., Stevens, S., Ouellet-Morin, I., Merlhuish, E., and
Belsky, J. (2015). Interactive effects of early and recent exposure to stressful
contexts on cortisol reactivity in middle childhood. J. Child Psychol. Psychiatry
56, 138–146 doi: 10.1111/jcpp.12287
Jennings, W. G., and Reingle, J. M. (2012). On the number and shape
of developmental/life-course violence, aggression, and delinquency
trajectories: a state-of-the-art review. J. Crim. Just. 40, 472–489.
doi: 10.1016/j.jcrimjus.2012.07.001
Kagan, J. (1994). Galen’s Prophecy. New York, NY: Basic Books.
Kagan, J. (2002). Childhood predictors of states of anxiety. Dialog. Clin. Neurosci.
4, 287–293. doi: 10.31887/DCNS.2002.4.3/jkagan
Kirschbaum, C., and Hellhammer, D. (1989). Salivary cortisol in
psychobiological research: an overview. Neuropsychobiology 22, 150–169.
doi: 10.1159/000118611
Kleinke, C., Stemmler, M., Reinecke, J., and Lösel, F. (2011). Efficient
ways to impute incomplete panel data. Adv. Stat. Anal. 95, 351–373.
doi: 10.1007/s10182-011-0179-9
Laub, J. H., and Sampson, R. J. (1991). The Sutherland-Glueck debate: on
the sociology of criminological knowledge. Am. J. Sociol. 96, 1402–1440.
doi: 10.1086/229691
Loeber, R., Farrington, D. P., Stouthamer-Loeber, M., and White, H. R. (2008).
Violence and Serious Theft: Development and Prediction From Childhood to
Adulthood. New York, NY: Routledge.
Loney, B. R., Butler, M. A., Lima, E. N., Counts, C., and Eckel, L. A. (2006).
The relation between salivary cortisol, callous-unemotional traits, and conduct
problems in in an adolescent, non-referred sample. J. Child Psychol. Psychiatry
47, 30–36. doi: 10.1111/j.1469-7610.2005.01444.x
Lösel, F. (2002). “Risk/need assessment and prevention of antisocial development
in young people: basic issues from a perspective of cautionary optimism,” in
Multiproblem Violent Youth: A Foundation for Comparative Research Needs
Interventions and Outcomes, eds R. Corrado, R. Roesch, S.D. Hart, and J.
Gierowski (Amsterdam: IOS/NATO Book Series), 35–57.
Lösel, F. (2018). Evidence comes by replication, but needs differentiation: the
reproducibility issue in science and its relevance for criminology. J. Exp.
Criminol. 14, 257–278. doi: 10.1007/s11292-017-9297-z
Lösel, F. (2020). “Foreword,” in Empathy Versus Offending Aggression and Bullying:
Advancing Knowledge Using the Basic Empathy Scale, eds D. Jolliffe and D. P.
Farrington (London: Routledge)
Lösel, F., and Bender, D. (2003). “Protective factors and resilience,” in Early
Prevention of Adult Antisocial Behaviour, eds D. P. Farrington, and J. Coid
(Cambridge: Cambridge University Press), 130–204.
Lösel, F., and Bender, D. (2006). “Risk factors for serious juvenile violence,”
in Children Who Commit Acts of Serious Interpersonal Violence: Messages
for Practice, eds A. Hagell, and R. Jeyarah Dent (London: Jessica Kingsley
Publishers), 42–72.
Lösel, F., and Bender, D. (2017). “Protective factors against crime and violence in
adolescence,” in The Wiley Handbook of Violence and Aggression, ed P. Sturmey
(New York, NY: Wiley).
Lösel, F., and Farrington, D. P. (2012). Direct protective and buffering protective
factors in the development of youth violence. Am. J. Prev. Med. 43:8–23.
doi: 10.1016/j.amepre.2012.04.029
Lösel, F., Hacker, S., Jaursch, S., Stemmler, M., and Wallner, S. (2006). Skalen
zur Messung des Problemverhaltens bei Vorschul- und Grundschulkindern: Die
Frontiers in Psychology | www.frontiersin.org 10 April 2021 | Volume 12 | Article 636501
Bender and Lösel Adrenocortical Activity and Aggressive Behavior
deutsche Version des Social Behavior Questionnaire (SBQ). Research Report.
University of Erlangen-Nuremberg: Insitute of Psychology.
Lösel, F., and Stemmler, M. (2012a). Preventing child behavior problems in
the Erlangen-Nuremberg Development and Prevention Study: results from
preschool to secondary school age. Int. J. Conflict Viol. 6, 214–224.
Lösel, F., and Stemmler, M. (2012b). Continuity and patterns of externalizing and
internalizing behavior problems in girls: a variable- and person-oriented study
of aggression in boys from preschoo38-43.l to youth age. Psychol. Test Assess.
Model. 54, 307–319.
Lösel, F., Stemmler, M., and Bender, D. (2013). Long-term evaluation of a bimodal
universal prevention program: effects from kindergarten to adolescence. J. Exp.
Criminol. 9, 429–449. doi: 10.1007/s11292-013-9192-1
Lupien, S. J., King, S., Meaney, M. J., and McEwen, B. S. (2001). Can poverty
get under your skin? Basal cortisol levels and cognitive function in children
from low and high socioeconomic status. Dev. Psychopathol. 13, 653–676.
doi: 10.1017/S0954579401003133
Magnusson, D., and Allen, V. L. (1983). “Implications and applications of an
interactional perspective for human development,” inHuman Development: An
Interactional Perspective, eds D. Magnusson, and V. L. Allen (New York, NY:
Academic Press), 370–387.
Marsman, R., Nederhof, E., Judith, G. M., Rosmalen, J. C. M., Albertine, J.,
Oldehinkel, A. J., et al. (2012). Family environment is associated with HPA-
axis activity in adolescents. the TRAILS study. Biol. Psychol. 89, 460–466.
doi: 10.1016/j.biopsycho.2011.12.013
Masten, A. S. (2011). Resilience in children threatened by extreme adversity:
frameworks for research, practice, and translational synergy.Dev. Psychopathol.
23, 493–506. doi: 10.1017/S0954579411000198
Masten, A. S. (2013). “Risk and resilience in development,” in Oxford Handbook of
Developmental Psychology: Self and Other, Vol. 2, ed P. D. Zelazo (New York,
NY: Oxford University Press), 579–607.
McBurnett, K., Lahey, B. B., Rathouz, P. J., and Loeber, R. (2000). Low salivary
cortisol and persistent referred for disruptive behavior. Arch. Gen. Psychiatry
57, 38–43. doi: 10.1001/archpsyc.57.1.38
Michels, N., Sioen, I., De Vriendt, T., Huybrechts, I., Vanaelst, B., and De
Henauw, S. (2012a). Children’s morning and evening salivary cortisol: pattern,
instruction compliance and sampling confounders. Horm. Res. Pediatr. 77,
27–35. doi: 10.1159/000334412
Michels, N., Sloen, I., Hyubreachts, I., Bamman, K., Vanaelst, B., De Vriendt,
T., et al. (2012b). Negative life events, emotions and psychological difficulties
as determinants of salivary cortisol in Belgian primary school children.
Psychoneuroendocrinology 37, 1506–1515. doi: 10.1016/j.psyneuen.2012.02.004
Moffitt, T. E. (1993). Adolescence-limited and life-course-persistent antisocial
behavior: a developmental taxonomy. Psychol. Rev. 100, 674–701.
doi: 10.1037/0033-295X.100.4.674
Moffitt, T. E., Caspi, A., Rutter, M., and Silva, P. A. (2001). Sex Differences
in Antisocial Behaviour: Conduct Disorder Delinquency and Violence in the
Dunedin Longitudinal Study. Cambridge: Cambridge University Press.
Montoya, E. R., Terburg, D., Bos, P. A., and van Honk, J. (2012).
Testosterone, cortisol, and serotonin as key regulators of social
aggression: a review and theoretical perspective. Motiv. Emot. 36, 65–73.
doi: 10.1007/s11031-011-9264-3
Moretti, M., and Odgers, C. (2002). “Aggressive and violent girls: prevalence,
profiles and contributing factors,” in Multi-Problem Violent Youth: A
Foundation for Comparative Research on Needs Interventions and Outcomes,
eds R. R. Corrado, R. Roesch, S. D. Hart, and J. K. Gierowski (Amsterdam: IOS
Press), 116–129.
O’Neal, C. R., Pine, D. S., Miller Brotman, L., Huang, K.-Y., Gouley, K.
K., Kamboukos, D., et al. (2010). Understanding relations among early
family environment, cortisol resonse, and child aggression via a prevention
experiment. Child Dev. 81, 290–305. doi: 10.1111/j.1467-8624.2009.01395.x
Ortiz, J., and Raine, A. (2004). Heart rate level and antisocial behavior in children
and adolescents: a meta-analysis. J. Am. Acad. Child Adolesc. Psychiatry 43,
154–162. doi: 10.1097/00004583-200402000-00010
Pascual-Sagastizabel, E., del Puerto, N., Cardsa, J., Sánchez-Martin, J. R., Vergara,
A. I., and Azurmendi, A. (2019). Testosterone and cortisol modulate the effects
of empathy on aggression in children. Psychoneuroendocrinology 103, 118–124.
doi: 10.1016/j.psyneuen.2019.01.014
Platje, E., Vermeiren, R. J. M., Branje, S. J. T., Doreleijers, T. A. H., Meeus,
W. H. J., Koot, H. M., et al. (2013). Long-term stability of the cortisol
awakening response over adolescence, Psychoneuroendocrinology 38, 271–280.
doi: 10.1016/j.psyneuen.2012.06.007
Portnoy, J., and Farrington, D. P. (2015). Resting heart rate and antisocial behavior:
an updated systematic review andmeta-analysis.Aggress. Viol. Behav. 22, 33–45.
doi: 10.1016/j.avb.2015.02.004
Pruessner, J. C., Kirschbaum, C., Meinlschmid, G., and Hellhammer, D. H.
(2003). Two formulas for computation of the area under the curve represent
measures of total hormone concentration versus time-dependent change.
Psychoneuroendocrinology 28, 916–931. doi: 10.1016/S0306-4530(02)00108-7
Pruessner,. J. C., Wolf, O. T., Hellhammer, D. H., Buske-Kirschbaum, A., von
Auer, K., Jobst, S., et al. (1997). Free cortisol levels after awakening: a reliable
biological marker for the assessment of adrenocortical activity. Life Sci. 61,
2539–2549. doi: 10.1016/S0024-3205(97)01008-4
Raine, A. (2013). The Anatomy of Violence: The Biological Roots of Crime. New
York, NY: Pantheon Books.
Reiss, F., Meyrose, F., Otto, C., Lampert, T., Klasen, F., and Ravens-Sieberer,
U. (2014). Socioeconomic status, stressful life situations and mental health
problems in children and adolescents: results of the German BELLA cohort-
study. PLoS ONE 14:e0213700. doi: 10.1371/journal.pone.0213700
Robins, L. N., and Price, R.-K. (1991): Adult disorders predicted by
childhood conduct problems: resultsfrom the NIMH Epidemiologic
Catchment Area Project. Psychiatry Interpers. Biol. Process. 54, 116–132.
doi: 10.1080/00332747.1991.11024540
Rutter, M., Moffitt, T. E., and Caspi, A. (2006). Gene-environment interplay and
psychopathology: multiple varieties but real effects. J. Child Psychol. Psychiatry
47, 226–261. doi: 10.1111/j.1469-7610.2005.01557.x
Saxbe, D. E., Margolin, G., Spies Shapiro, L. A., and Baucom, B. R. (2012).
Does dampened physiological reactivity protect youth in aggressive family
environments? Child Dev. 83, 821–830. doi: 10.1111/j.1467-8624.2012.01752.x
Schmidt-Reinwald, A., Pruessner, J., Hellhammer, D., Federenko, I., Rohleder, N.,
Schürmeyer, T., et al. (1999). The cortisol response to awakening in relation to
different challenge tests and a 12-hour cortisol rhythm. Life Sci. 64, 1653–1660.
doi: 10.1016/S0024-3205(99)00103-4
Sethi, A., McCrory, E., Putz, V., Hoffmann, F., Knodt, A., Radtke, S., et al. (2018).
“Primary” and “secondary” variants of psychopathy in a volunteer sample are
associated with different neurocognitive mechanisms. Biol. Psychiatry Cogn.
Neurosci. Neuroimag. 3, 1013–1021. doi: 10.1016/j.bpsc.2018.04.002
Snoek, H., Van Goozen, S. H. M., Matthys, W., Buitelaar, J. K., and Van Engeland,
H. (2004). Stress responsivity in children with externalizing behavior disorders.
Dev. Psychopathol. 16, 389–406. doi: 10.1017/S0954579404044578
Stadler, C., Kroeger, A., Weyers, P., Grasmann, D., Horschinek, M., Freitag, C.,
et al. (2011). Cortisol reactivity in boys with attention-deficit/hyperactivity
disorder and disruptive behavior problems: the impact of callous
unemotional traits. Psychiatry Res. 187, 204–209. doi: 10.1016/j.psychres.2010.
05.004
Stemmler, M., and Lösel, F. (2012). The stability of externalizing behavior in boys
from preschool age to adolescence: a person-oriented analysis. Psychol. Test
Assess. Model. 54, 195–207.
Susman, E. J. (2006). Psychobiology of persistent antisocial behavior: stress, early
vulnerabilities and the attenuation hypothesis. Neurosci. Biobehav. Rev. 30,
376–389. doi: 10.1016/j.neubiorev.2005.08.002
Tremblay, R. E., Desmarais-Gervais, L., Ganon, C., and Charlebois, P. (1987). The
preschool social behavior questionnaire. Stability of its factor structure between
cultures, sexes, ages and socioeconomic classes. Int. J. Behav. Dev. 10, 467–484.
doi: 10.1177/016502548701000406
Tremblay, R. E., Pihl, R. O., Vitaro, F., and Dobkin, P. L. (1994). Predicting
early onset of male antisocial behavior from preschool behavior. Arch. Gen.
Psychiatry 51, 732–739. doi: 10.1001/archpsyc.1994.03950090064009
Tremblay, R. E., Vitaro, F., Gagnon, C., Pich,é, C., and Royer, N. (1992). A prosocial
scale for the preschool behavior questionnaire: concurrent and predictive
correlates. Int. J. Behav. Dev. 15, 227–245. doi: 10.1177/0165025492015
00204
Vaeroy, H., Scheider, F., and Fetissov, S. G. (2019). Neurobiology of aggressive
behaviour – Role of antibodies reactive with stress-related peptide hormones.
Front. Psychiatry 10:0872. doi: 10.3389/fpsyt.2019.00872
Frontiers in Psychology | www.frontiersin.org 11 April 2021 | Volume 12 | Article 636501
Bender and Lösel Adrenocortical Activity and Aggressive Behavior
Van Goozen, S. H. M. (2005). “Hormones and the developmental origins of
aggression,” in Developmental Origins of Aggression, eds R. E. Tremlay, W. W.
Hartup, and J. Archer (New York, NY: Guilford), 281–306.
Van Goozen, S. H. M., Fairchild, G., Snoek, H., and Harold, G. T. (2007).
The evidence for a neurobiological model of childhood antisocial
behavior. Psychol Bullet. 133, 149–182. doi: 10.1037/0033-2909.
133.1.149
Van Goozen, S. H. M., Matthys, W., Cohen-Kettenis, P. T., Buitelaar, J.
K., and van Engeland, H. (2000). Hypothalamic-pituitary-adrenal axis
and autonomic nervous system activity in disruptive children and
matched controls. J. Am. Acad. Child Adolesc. Psychiatry 39, 1438–1445.
doi: 10.1097/00004583-200011000-00019
Vidal, S., Skeem, J., and Camp, J. (2010). Emotional intelligence: painting different
paths for low-anxious and high-anxious psychopathic variants. Law Hum.
Behav. 34, 150–163. doi: 10.1007/s10979-009-9175-y
Vitaro, F., and Brendgen, M. (2012). “Subtypes of aggressive behaviors:
etiologies, development and consequences,” in Antisocial Behavior and
Crime: Contributions of Theory and Evaluation Research to Prevention and
Intervention, eds T. Bliesener, A. Beelman, and M. Stemmler (Göttingen:
Hogrefe), 17–38.
Von Polier, G., Herpertz-Dahlmann, B., Konrad, K., Wiesler, K., Rieke,J.,
Heinzel-Gutenbrunner, M., et al. (2013). Reduced cortisol in boys with
early-onset conduct disorder and callous-unemotional traits. Biomed. Res. Int.
2013:349530. doi: 10.1155/2013/349530
Wallner, S., Lösel, F., Stemmler, M., and Corrado, R. (2018). The validity of the
Cracow Instrument in the prediction of antisocial development in preschool
children: a five-year longitudinal community based study. Int. J. For. Mental
Health 17, 181–194. doi: 10.1080/14999013.2018.1460423
Winiarski, D. A., Engel, M. L., Karnik, N. S., and Brennan, P. A. (2018). Early
life stress and childhood aggression: mediating and moderating effects of child
callousness and stress reactivity. Child Psychiatry Hum. Dev. 49, 730–739.
doi: 10.1007/s10578-018-0785-9
Zara, G., and Farrington, D. P. (2009). Childhood and adolescent
prdictors of late onset criminal careers. J. Youth Adolesc. 38, 287–300.
doi: 10.1007/s10964-008-9350-3
Zuckerman, M. (1979). Sensation Seeking: Beyond the Optimum Level of Arousal.
Hillsdale, NJ: Erlbaum.
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2021 Bender and Lösel. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 12 April 2021 | Volume 12 | Article 636501
